Polycation comb-type copolymer that is composed of polylysine backbone and dextran side chains (PLL-gDex) has previously been shown to stabilize duplex and triplex DNAs quite effectively. In this study, we have conjugated PLL-g-Dex with oligonucleotides (ODN) aiming to increase the triplex stabilizing efficiency of the copolymer. Here we have demonstrated that the copolymer-TFO conjugates selectively stabilize triplex DNA. Also its potential to form triplex DNA was found to be greater than PLL-g-Dex/ODN mixture.
INTRODUCTION
Intermolecular triplex DNA is formed by sequence specific interaction of a triplex-forming oligonucletide (TFO) within a short homopurine-homopyrimidine stretch in native duplex DNA. Increasing reports on inhibition of transcription, factor-DNA interaction, and the activity of restriction endonuclease (RE) by triplex DNA have tremendously implied its obvious possibilities for therapeutic application 12 . However, triplex DNA of either purine motif or pyrimidine motif involving unmodified TFO is unstable under physiological conditions. For example, purine motif triplex formation involving guaninerich TFOs is inhibited by monovalent cations, especially by potassium ion (K + ). In case of pyrimidine motif, as the cytosine of the third strand must be protonated for stable triplex to form, triplex DNA involving unmodified cytosine-rich TFO is unstable at neutral pH. We have previously shown that poly (L-lysine)-graft-dextran copolymer (PLL-g-Dex) stabilizes purine motif triplex DNA under physiological concentration of K TFOs whose sequences are 5'-GGGAAGGAAAGGGAGGAGGG-3' and 5'-CCCTCCTCC CTTTCCTTCCC-3' were kindly provided by Japan Grainers, Japan. Target plasmid used in the restriction enzyme assay (pCol-20) was constructed by ligating target duplex between the Bam HI and Pst I sites of pUC19. The TFO aminated at 5' end was reacted with succinic anhydride and the resulting 5'-carboxyl TFO was coupled with PLL-g-Dex using 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide as a coupling agent to give copolymer-TFO conjugates.
Melting Temperatures (Tm) of Triplex;
Triplex formation between ODN-conjugate and target duplex was confirmed as follows. Triplex DNA was formed by mixing copolymer-TFO conjugate with the target duplex in buffer containing 50 mM Tris/acetate, 10 mM MgC12 and 100 mM NaCl, pH5.5. For comparison, the target duplex and non-conjugated TFO were also mixed together in the presence or absence of PLL-g-Dex (Polymer/DNA (P/D) ratio of 2) under the same condition. UV spectra and UV melting curves were recorded with a Beckman DU-640 spectrometer equipped with a micro melting temperature apparatus (Beckman). The UV melting curves were recorded at heating and cooling rates of 0.2 K/min. The midpoints of the transition were calculated from the melting curve data and their temperatures were designated as melting temperature (7m) 3.Restriction Enzyme Assay; pCol-20 was linearized by Sea I digestion. Triplex formation was initiated by incubating 2.3 ug of Sea I digested pCol-20 with indicated final concentrations of TFO or TFO conjugate in a 18 ul of reaction mixture containing 20mM MOPS (pH 6.5), lOmM MgCl 2 with 150 mM KC1 for 24h at 37 °C. In both cases, control ODN or conjugate was added to give final concentrations of 10 ^M (ODN) or 5 uM (conjugate), respectively. This was followed by the addition of 2 |al of Restriction Enzyme (RE), Bam HI (8 U) and further incubated for lh. Finally, DNA loading dye with 3% SDS and 2.6 |ig of poly-L-glutamate was added and the samples were electrophoretically separated on 1.5% agarose gel in 1 times TAE buffer.
RESULTS AND DISCUSSION
From 7m-UV data, we have found that PLL-g-Dex copolymer/TFO mixture increases the melting temperature of duplex by 5 K and that of triplex by 9 K. However, by using copolymer-TFO conjugate, the melting point of triplex was increased by 15 K (5/3 times greater compared to copolymer/TFO mixture) whereas that of duplex was increased by 2 K (2/5 of the copolymer/TFO mixture). Hence the copolymer in conjugated form seems to stabilize triplex DNA more effectively and specifically than free PLL-g-Dex.
The ability of triplex DNA to compete RE activity was examined to further analyze the triplex-stabilizing efficiency of the copolymer-TFO conjugate. Digestion of linearized plasmid DNA (2689 bp) with Bam HI generates two DNA fragments of 1763 and 926 bp, respectively. It is, therefore reasonable to expect that inhibition of BamHl activity by triplex DNA will increase the intensity of 2689 bp DNA band. As shown in figure 1 , increasing concentrations of TFO causes only a little inhibition of Bam HI activity. However, more evident increase can be seen in the case of the copolymer-TFO conjugate under the same conditions (10 times greater compared to TFO alone). Since control TFO conjugate did not inhibit the Bam HI activity, there seemed to be negligible non-specific interaction between conjugate and the target duplex DNA (data not shown) which is an evidence of increase in triplex DNA selectivity by conjugation with TFO.
We must also bear in mind the critical P/D ratio of copolymer/TFO mixture. Below P/D=0.2 it was unable to stabilize triplex formation effectively whereas above P/D=0. After 24h incubation at 37 °C .indicated Restriction Enzyme, Bam H1(8U) was added and further incubated for lh. Samples were finally analyzed on 1% agarose gel and visualized by ethidium bromide staining. In both cases, control ODN or conjugate was added to give final concentrations of 10 uM (ODN) or 5 uM (conjugate), respectively the target duplex was not negligible 6 . In figure 1 , copolymer-TFO conjugate concentration of 5 uM is equivalent to P/D ratio of 0.5. Experiment done using the same concentrations of control ODN-conjugate in place of the TFO-conjugate showed that the control ODN-conjugate does not inhibit restriction enzyme activity at P/D ratio of 0.5 (data not shown). However quite effective inhibition of restriction enzyme activity was observed at P/D ratio of 0.5 and less, implying specific and stable triplex formation by the copolymer-TFO conjugate. These results are significant as they indicate conjugation may be the answer to reduce the absolute amount of PLL-gDex essential for the stable triplex formation under physiological conditions.
